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list widens more and more and the struggle against doping can be seen as a continuous escape of practicer wizards which produce non traceable substances from the labs accredited by CIa, which try to find them. The more and more increasing interaction between Sports Medicine and Rehabilitative Medicine makes so necessary a focusing on the problem, in order to avoid all those aids that are read as doping in the world of sport, but are negative also in theme of rehabilitation.
Doping substances can be classified in different ways, depending upon their chemical structure rather than their biologic effect. This effect results from the interaction between the substancethat is often a real drug with otherwise therapeuticindications, and the cell receptors of the different tissues of the athlete's body.All organs and systems can be involved, yet the interactions between doping and nervous system appear particularly complex and important. In fact, beside the effect wanted by the athlete,that is often different from the one officially indicated for some diseases, we can also have adverse drug reactions,unforeseeabletoo, both for acute and for chronic abuse.
These actions can be influenced by many factors, among which there are surely: administration of other substances (for example, activating drugs like in Parkinson's disease, rather than myolytic drugs like in spastic hypertonia), extreme environmental factors (temperature, dehydration from exercise, increase of the sympathetic tone, etc.), that can amplify the toxical action of these dugs.
From this point ofview, the most important and studied class of drugs is surely the one of the "stimulating" drugs, i.e. central exciting substances which generally imitate the action of the factors released by the neurovegetative orthosympathetic system during exercise and stress, improving the level of attention and concentration and increasing endurance and tolerance of the effort.
Among the stimulating drugs, well known is the effect 0394-6320 (2009) Copyright © by BIOLlFE, s.a.s. This publication and/or article is for individual use only and may not be further reproduced without written permission from the copyright holder. Unauthorized reproduction may result in financial and other penalties of caffeine, first in the family of metyl-xanthines, which includes also theophylline and theobromine. Its mechanism of action consists in inhibition of two enzymes which inactivate cAMP, phosphodiesterase and 5' -nucleotidase, and in the antagonism of adenosin receptors; so it imitates the action of beta-adrenergic receptors, inducing release of the smooth muscle, diuresis, lipolysis and stimulation of myocardium and central nervous system. By law, the urinary concentration of caffeine in the athlete must not be over 12 mcg/ml. It has been demonstrated (Graham I.E., 2001) that concentrationsreally improving the performance are reached only by parenteral administration of caffeine: you have an increase of arousal, endurance, speed and power, with a decrease of central fatigue (by release of noradrenalin). In therapy caffeine is used for the apnoeas of the newborn, for ADHD, for influenza-like syndromes and for migraine (eventuallyassociatedwith FANS).The acute toxicity,beside the well known cardiovascular and gastric damages, consists in restlessness, irritability, insomnia, increasing till seizures and delirium; the chronic toxicity includes phenomena of tolerance and dependence.
The theophylline, in the same class of drugs, has similar cinetics and dynamics; we should remember that an athlete might use it in good faith as an antiasthrnaticdrug.
Another kind of stimulating are MAO-B (monoaminooxydases B) inhibitors, especially the selegilin. It's a drug used for Parkinson's disease, as it increases the levels of available dopamine in the synaptic space, by inhibiting its catabolism. It would be able so to improve the performance mostly from a psychomotory point of view, also because it's metabolised in amphetamine. However, as MAO-B inhibitors secondly increase the level of all cathecolamines, the neurological adverse drug reactions can be edginess, dizziness, headache and insomnia.
Ofcourse we can say the same things for the a-adrenergic agonists (phenylephrin, naphazolin, oxymetazolin),which in therapeutic doses generally have a more vasoconstrictive than psychostimulating action, but in greater doses can induce the same nervous reactions.
The substances containing ephedrin, pseudoephedrin and phenylpropanolamine are often used as decongestant in the oculistic and otorhinolaringologic field, so it is not unusual that an athlete is positive at the anti-doping control just for having treated a common cold with an over-the-counter drug (Tseng Y.L., Hsu H.R., 2003). Ephedrin-like drugs, inhibiting the reuptake of cathecolamines, have a strong adrenergic and noradrenergic action in all apparatus; then they have a great ergogenic effect (increase of the lactacid and alactacid power, respiratory volumes and cardiac output; acceleration of glycogenolysis and lipolysis),but there are important adverse reaction, at first hypertension. We should stress that especially ephedrine, as an extract of Ephedra sinica (Ma-Huang in Chinese) can be easily found in herb products, maybe with a strange and exotic name (Caprino L., Bragano M.e., 2005), and we should remember that just in herb products the presence of these substances is often not correctly described. We have to ascribe to this presumed mistake the onset of a lot of positive results in the first league ofItalian soccer.
The amphetamines act by a sum of the actions of the stimulating drugs before said: in fact the sympatho-mimetic effect is given: by stimulation of release of noradrenalin, serotonine and dopamine; by inhibition of their reuptake and catabolism; by direct action on their receptors.
The only therapeutic indication lies, in child neuropsychiatry, in the ADHD (attention deficit and hyperactivity disease), in which there should be a lack of dopamine in the prefrontal cortex (Corrigan B., 2003) .
Generally, in the field of sports, they are employed in order to increase the anaerobic lactacid endurance and maximum consumption of oxygen, and because of their anorexia-inducing effect. Actually A. George demonstrated in his review that the main effects derive from the stimulation of the central nervous system (euphoria, excitation, increase of aggressiveness and arousal), so that the advantages for sport performance are really poor, compared with the adverse reactions, both general (increase of body temperature, heart rate and respiratory rate; hypertension), with exhaustion of energetical reserves, and specific of the nervous system (anxiety for excessive arousal or, on the contrary, indifference to the danger for excessive optimism; irresponsiblebehaviour; space and time confusiontill illusion and delirium, that compound the so called amphetaminic psychosis; tremors; tolerance and dependence).
The other important member of the class of the stimulating is the cocaine. Cocaine is an ester of the benzoic acid, that acts, at a central level, breaking out the reuptake of dopamine and noradrenalin and, at a peripheral level, blocking the sodium channels, so it is normally used as a local anaesthetic. Cocaine is part of a group ofrecreational drugs, which enters the world ofelite sport for a voluptuous taking, which the subject can do no more without. The real ergogenic effect is quite limited in time; most is the stimulation ofthe centres ofthe pleasure. On the other hand, it should be stressed that the acute and chronic abuse that is often done, for amusement too, is charged by not a little of damages for the cardiovascular apparatus (arrhythmias, hypertension, acute myocardial infarction, ischemic and haemorrhagic stroke) and for the nervous system (insomnia, agitation, paranoid psychosis; depressive syndrome from abstinence; seizures).
Derived from cocaine are the local anaesthetics (benzocaine, lidocaine, xylocaine, etc.), chemically divided into amino-amides and amino-esters; they block reversibly the transmission of the pain stimulus toward the CNS. Systemic injections are considered doping, while the local treatment is allowed.
The adverse reactions are related to the passing into blood circle of the anaesthetic and involve mostly the central nervous system (agitation, depression, insomnia) and the cardiovascular apparatus (atrioventricular block, shock, hypotension). Even as an analgesic, in contact sports like boxing, they use another class of doping substances, opposite to the stimulating drugs: the narcotics.
This class, which includes morphine, heroin, methadone, pentazocin and others, has its mechanism of action in the link with the /1, K and Dreceptors, by which it hyperpolarizes the cells, increasing the conductance to potassium and reducing the one of calcium, or it inhibits the adenilate-cyclase, and so the production of cAMP.
The global effect derived is a depression of all life functions, especially breathing, so it should be considered more an ergolytic than an ergogenic, even if, as we said, they look for its analgesic activity. We remember that the acute overuse can determine endocranic hypertension and coma, the chronic abuse tolerance and dependence. So paradox appears the use in sport of tetrahydrocannabinol (THC) and ethylic alcohol (considered doping only in certain doses, variable according to the sport discipline), enjoyment substances that, beside the euphorizing, anxiolytic and antitremorigenic effect, seem to be mostly noxious, as to the performance too.
Forexamplecannabinoids, presentinhashishandmarijuana and extracted from Cannabis indica, in mean-low doses induce euphoria and loss of self control (they stimulate the centres of the joy in the limbic system by joining the CB1 and CB2 receptors), but in high doses they induce aggressiveness till psychosis and alterations of memory, and even they can deterioratethe performance level of the athlete because of the ideomotory slowing and the significantalterationof the space and time orienteeringand of the coordination.
Besides, ethanol interacts with the nervous system at different levels: it modifies the permeability of axonal membranes to sodium, calcium and potassium, slowing the conduction down; it induces hypoglycemia, with a progressive decay of cognitive functions and onset of both central and peripheral fatigue; it decreases the release of acetylcholine, causing a reduction of concentration, attention and short term memory; it reduces the synthesis of serotonine by inhibiting tryptophane-hydroxilase, so it reduces the arousal; it stimulates the release of dopamine in the centres of joy; it determines fluctuations of concentration of noradrenaline, with following sways of mood; it impairs the cerebellar function, causing severe alterations of coordination.
The rapid variations of the orthosympathetictone induced by alcohol may be, in a first moment (alcoholemia <50mg/ ml), "useful" for the athlete, both for the sense of wellness and relax (for example, in archery, excessive tension can be deleterious), and for the sways of the isometric strength. However, according to us, the use of alcohol in sports is clearly to avoid, because of the said reasons and the possibility of dependence and chronic abuse, that causes a progressive impairment of all apparatus: just in the nervous system it causes amnesia and dementia (syndrome of Wemicke-Korsakoft), cerebellar ataxia, diplopia, peripheric neuropathies, asthenia related to alcoholic myopathy too, paranoic delirium and, probably, epilepsy. A multicentric study made in the Centres of Sports Medicine of FMSI in 2005 evidenced that even the 15% of agonist athletes from 15 to 20 years old already drink beer regularly.Further more dangerous is the use of alcohol in subjects who suffer from neuropathies or myopathies, with a moltiplicative effect its toxicity and a severe impairment of the process of recovery.
A class of prohibited drugs, which can even be used to reduce psychophysical tension related to competition, are thẽ -antagonists (karvedilol, thymolol, sotalol, etc.). Generally employed as antihypertensive and antiarrhythmic, in sports of precision they may improve the performance, as they inhibit all physiologic responses to stress, which, if exhalted, could create disturbance (e.g.: increase in blood pressure and heart rate, and muscular tension till tremor). The neurogenic adverse reactions of these drugs are typically insomnia, nightmares and depression. On the contrary, in orderto activate the orthosympathetic branch of the neurovegetative system, the athlete may take a~2-agonist (short acting: salbutamol, terbutalin; long acting: salmeterol, bitolterol), which, beside its known bronchodilating action, seems to have, in the longrun, anabolic effects on the muscular tissue. Unless it is clearly taken as antiasthmatic by inhalation, the~2 agonist is prohibited; an excessive sympathetic activation, on the other hand, impairs the efficiency and exposes to risks the health of the athlete, inducing tremors, muscular stiffness and overall dangerous tachyarrhythmias. A risky trend of abuse of these substances has been detected in particularly hard endurance sports, e.g. cycling.
On the subjectof anabolicsubstances,as to the androgenic steroids, especially testosterone, we have to remember that, beside the well known effects on the cell growth and the development of fat-free mass, these hormones surely modify also the balance among the different neurotransmitters.
It unavoidably influences the behaviour and the mind of the subject, causing aggressiveness, euphoria and reduction of sense of fatigue, paranoic jealousy, extreme irritability and altered critical ability from sense of invincibleness. The sudden interruptionofthe drug intake elicits abstinence, with depressive syndrome; besides, there is dependence, with a tendence to crave. The testosterone determines such an increase of aggressiveness to induce often to murder and/or suicide. T. Philipova and T. Ivanova in a study showed that the nandrolone, in this class ofhormones, modifies the opioid and non-opioid analgesia and tolerance to opioids; this datum is interesting if we consider that steroids and opioids can be associated.
Another hormone used very much in sport and bodybuilding is the polypeptidic GH (growth hormone), which determines, as it's known, an increase in lean mass and lipolysis, although recent studies (Berggren, 2004) showed that neither increase of muscular strength nor increase of aerobic power are associated to it in healthy subjects. Neurological adverse reactions of GH are myopathies and peripheral neuropathies, with pain and weakness of the limbs, like in acromegalia, changes of behaviour and, if extracted from human hypophysis, the Kreutzfeldt-Jakob's disease, with dementia, alterations of coordination, tremors, mioclones, till death.
Some athletes, in order to elicit the secretion of GH, use together propranol, ADH, clonidine and L-DOPA, with not known and surely complex global effects. One of the main problems ofdoping, like in drug addiction, is just the use to do cocktails of drugs with very different effects, in variable doses, with unforeseeable consequences. The level of GH is artificially increased also through gammaamino-butyrrate, a drug generally used to control the symptoms ofabstinence, now widespread as a recreational drug, because of its effect of stimulating dopamine, that relaxes and increases socialization.
Among the proteic hormones, we have to mention the ACTH (corticotropine) too, that, eliciting the secretion of cortisol, makes better the acute response to stress, but in long term it is detrimental to performance (decrease of the lean mass by proteolysys, till myopathy, and increase of the fat mass), to metabolism (hyperglycemia, water and salt retention) and to nervous system (psychic alterations, from euphoria with insomnia and hyperactivity till maniacaldepressive syndromes, and an abstinence syndrome, with asthenia and somnolence, in subitaneous interruption).
In order to elicit the secretion of endogenous androgenic steroids, the athletes use hCG (human chorionic gonadotropine), which has effects quite similar to the androgenic drugs, but with particular neurological complications: wide sways of the mood and migraine.
All the mentioned hormones can indirectly impair the central and peripheral nervous system, by altering the cardiovascular function (hypertension, oedema, decrease of HDL and increase of LDL, causing heart and vessels diseases and ischemic or haemorrhagic stroke).
Yet, the hormone most involved in blood circle diseases, now wide spread in endurance sports, especially in cycling, is recombinant EPO (erythropoietine). In fact, it's real that, like in autohaemotransfusion, aerobic endurance and V02max are improved by the increase of erythrocyte mass and therefore ofhaemoglobin rate and transport of oxygen to the tissues, but the excessive increase ofhaematocrite, worsened by haemoconcentration due to dehydration of the athlete during exercise, can cause diastolic hypertension, with overload of the myocardium at work, and hyperviscosity syndrome, with risk of thrombosis, embolies and occlusion of small vessels, overall in brain, where the microcirculation doesn't undercome the same vasodilation of the one in skin and muscles during prolonged exercise. Cerebral symptoms of this hyperviscosity can be so: headache, dizziness and visual alterations; in long time it probably determines a cognitive impairment by hypoxic vascular encefalopathy.
We conclude remembering that, in not too far times, the abuse of non doping drugs, like FANS, probably increased the incidence ofALS (amyotrophic lateral sclerosis) in soccer players (Belli S, 2005) ; so the athletes, the societies and the sport and rehabilitation physicians should better remind that any drug is naturally a poison (from the greek cpaplluKov, in fact): "in dose venenum", said Paracelsus. So, especially in neurologic rehabilitation,we have to pay attentionboth on the recreational use of some doping sustances (alcohol, caffeine, etc.), and on the use ofdrugs aimed to increase the efficiency of the psychic and physical performance (amphetamines, selegiline, steroidal and peptidic hormons), because they can severely impair the rehabilitative treatment.
